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A B S T R A C T   

The electrical conductivity of saturated paste extracts (ECe) is more widely used as the laboratory method for 
estimating soil salinity compared to the soil-water ratio method. However, the current saturated paste process is 
time consuming and mainly based on subjective experience, and the quantitative relationships among the factors 
influencing the saturated paste process are not clear. In order to understand and optimize the process of soil 
salinity determination by saturated paste method, an experiment involving the process of making saturated paste 
and the key factors in salt determination was carried out on coastal saline silt and sandy loam soils: amount of 
water added, soaking time, number of centrifugations, and soil particle size. These test factors had clear impact 
on soil salinity results (both ECe and mass salt content) and pH. Based on the principle of obtaining more mass 
salt content in this study, suitable parameters for the production of saturated slurries were proposed as follows: 
(1) the amount of distilled water added to the soil sample should be 2.2 times the saturated water content of the 
soil; (2) the equilibration time of saturated paste was reduced from 18 to 12 h; (3) only 40 % of the full salt 
content was obtained by one centrifugation and obtaining 80 % requires three centrifugations; and (4) 0.25–0.50 
and 1–2 mm of particle-size sieving should be used to prepare samples of silt and sandy loam soils, respectively.   

1. Introduction 

Excessive accumulation of salts in the soil is considered a major 
impediment to sustainable agriculture (Qadir and Oster, 2002), and soils 
prone to salinization are found in different agricultural production re-
gions of the world. Accumulation of excess salinity may cause soil 
slumping and impermeability, affecting the uptake and utilization of 
water and nutrients, making it difficult for crop roots to grow and 
causing stagnation and wilting of crops, thus radically reducing crop 
yields (Machado and Serralheiro, 2017; Minhas et al., 2020; Parihar 
et al., 2015). The classification and subsequent management of 
salt-affected soils worldwide, according to their degree of salinity, re-
quires good knowledge of the quantity and distribution of soluble salts 
in the soil and therefore indices that adequately describe the state of soil 

salinity. The electrical conductivity (EC) of soil solution extracts is 
widely used as a parameter for describing soil salinity and estimating ion 
concentrations in soils (Aboukila and Norton, 2017; Amakor et al., 
2014). The EC provides a wealth of information about the moisture 
content and ionic composition of the soil. The salt content of the soil 
solution is positively correlated with EC within a certain concentration 
range, so the salt content of the soil can be measured using the magni-
tude of EC of the solution (Gharaibeh et al., 2021; Matthees et al., 2017). 

Two extraction methods are currently widely used to assess soil 
salinity: saturated paste (SP) extraction and soil-water extraction 
(Aboukila and Norton, 2017). The SP method here differs from the 
“Bureau of Soils Cup” method in that the EC is not measured directly in 
the SP, but in the extracts of saturated soil for the determination of salts 
(Rhoades et al., 1989). By virtue of their ease of preparation and 
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extraction, 1:1, 1:2, 1:2.5, 1:5, and 1:10 soil-water extracts are widely 
used by soil laboratories around the world to determine the EC values of 
soils (Amakor et al., 2014; Sonmez et al., 2008; Zhang et al., 2005). 
However, the soil-water extraction method is greatly affected by soil 
texture, and adding water has a significant impact on the measurement 
results. The SP method is more closely linked to natural soil conditions, 
taking into account the effect of dilution on ion concentration and 
conductivity induced by different soil-water ratios, and can minimize 
the effect of dilution on the degree of variation in ion ratios in natural 
soil solutions (He et al., 2013; Hogg and Henry, 1984; Khorsandi and 
Yazdi, 2011; Monteleone et al., 2016; Slavich and Petterson, 1993; 
Sonmez et al., 2008; Zhang et al., 2005). The EC of SP extracts (ECe) is 
the best indicator of the response of plants to salinity, and is recom-
mended as the standard laboratory method for estimating soil salinity 
(Herrero and Pérez-Coveta, 2005). 

The current standard practice for preparing saturated pastes (SPs) in 
soil test chambers is based on the recommendation of USDA (Hide, 
1954): a SP extract is prepared by adding a quantity of distilled water to 
a soil sample and stirring until it is completely saturated. When the SP 
has been equilibrated for 18 h, the vacuum extract is obtained by 
centrifugation, then filtered, and ECe is measured at 25 ◦C using an EC 
meter. In the process of determining soil salinity using the SP method, 
the most critical aspect is determining the saturation point during SP 
preparation (Al-Busaidi et al., 2006). Saturation is determined to be 
sufficiently reproducible for SP when a homogeneous SP shines, flows 
slightly when turned, slides freely and cleanly off a smooth spade, ap-
pears as jars after forming a furrow, and satisfies a state of free water 
precipitation (Corwin and Yemoto, 2020; Rhoades et al., 1989). This 
places great demands on the operator’s proficiency in preparing SP, 
requires some skill to estimate the correct saturation point, and also has 
an artificial impact on accuracy of the determination of soil salinity. 

There is no unified standard for the amount of distilled water to be 
added to a SP and for its equilibration time. Considering that the ion 
concentration decreases with increasing dilution and that different 
amounts of less soluble salts are dissolved, the volume of distilled water 
added to the soil can bias the determination of salinity (Wallender and 
Tanji, 2011). Once the saturation point is reached, the SP needs to stand 
for a period of time to obtain internal ionic equilibrium, during which 
the corresponding physicochemical changes occur with the extension of 
time, which will likewise have an impact on the subsequent determi-
nation of salts. In addition, most soil laboratories extract the saturated 
liquid from the prepared SP after a single centrifugation for salt deter-
mination; however, is there any difference between the soil salinity 
characterized by the ECe after one centrifugation and the actual soil 
salinity, and how great is the difference? Does the sieving particle-size of 
the soil sample for preparing SP affect the determination results? At 
present, there is no relevant quantitative and in-depth research. 

In addition, The SP method is used to determine the EC values of soils 
by author’s research team after years of experimental research on 
different types of saline soil in China (Li et al., 2015; Li and Kang, 2020; 
Sun et al., 2013; Wang et al., 2011), while found that different operators, 
the amount of water added, soaking time and other factors affect the soil 
salinity (ECe) analysis results. Considering that the current saturated 
paste process is time consuming and mainly based on subjective expe-
rience, and the quantitative relationships among the factors influencing 
the saturated paste process are not clear (Amakor et al., 2014; Lek-
sungnoen et al., 2011), an experiment involving the process of making 
saturated paste and the key factors in salt determination was carried out 
on coastal saline silt and sandy loam soils. The purpose of this study was 
to determine the specific effects of the abovementioned factors on the 
results of the various steps in the determination of soil salinity using the 
SP method, and to quantify the influence of parameters such as adding 
water, soaking time, centrifugation times, and sieving particle-size on 
soil salinity, so as to give suggestions on the selection of parameters for 
soil salinity determination by SP extraction method. 

2. Materials and methods 

2.1. Experimental site 

Laboratory simulation experiments were conducted in December 
2021 at the coastal wasteland station in the International Eco-City of 
Caofeidian District (39◦20′N, 118◦54′E), located in the south of Tang-
shan City, east China, and bordered to the north by Bohai Bay in the 
Pacific Ocean. The two soils used for the laboratory tests were selected 
from the International Eco-City and the Industrial Area of Caofeidian 
District, respectively, and are typical coastal saline soils with ECe > 4 
dS/m and sodium adsorption ratio (SAR) > 13 (mmol/L)0.5. Soil samples 
collected in the field at a depth of 0–120 cm were air dried, ground, 
sieved through a 2-mm sieve, stored in plastic boxes and taken to the 
laboratory for analysis. 

The ECe of the two initial soils used in the experiment was 27.47 dS/ 
m and 28.08 dS/m, respectively. In comparison, the SAR values of the 
international Eco-city soils are higher than those of the industrial area 
soils, 57.50 (mmol/L)0.5 for the former and 52.66 (mmol/L)0.5 for the 
latter. According to the US soil classification, the soil type in the Eco-City 
was silt soil, with 0.7 % clay (<0.002 mm), 80.13 % silt (0.002–0.05 
mm), and 19.17 % sand (0.05–2 mm); while that in the Industrial Area 
was sandy loam soil, with 0.44 % clay, 43.52 % silt, and 56.04 % sand. 
The soil texture, ECe, pH, and SAR of the two soils are shown in Table 1. 

2.2. Experimental design 

The potential main factors affecting ECe were included in the stu dy: 
treatments of adding water, soaking time, number of centrifugations, 
and soil particle size. Gradients were also set up in each treatment to 
differentiate the effects. 

2.2.1. Water gradient test 
The addition of the appropriate amount of pure water to the soil 

sample is the initial step in producing a SP. The SP preparation requires 
the operator to be skilled in the approximate range of water additions in 
order to determine whether the sample is ready to extract the super-
natant after centrifugation. Under the traditional method of manual SP 
preparation, the amount of water added to the soil sample should be at 
least the saturated water content of the soil at a given capacity, other-
wise, it will be difficult to extract the supernatant during centrifugation. 

For coastal saline land, the soil capacity is generally more than 1.5 g/ 
cm3, and in the process of its improvement and cultivation, the soil 
capacity is a changing process. Due to different improvement measures 
and time, it will be reduced to 1.3–1.5 g/cm3. In the preparation phase 
for conducting indoor trials, a quantity of each of the two soils was 
weighed into aluminum boxes and made up to a capacity of 1.3, 1.4, and 
1.5 g/cm3, respectively, according to the ring knife method. The 
aluminum boxes used were all 100 cm3 in volume. The corresponding 
saturated water contents of the soil samples were measured by the 
drying method and converted to corresponding volumetric water con-
tents. In comparison, the saturated water contents of both soils at 
different capacities did not significantly differ and the converted volu-
metric water contents fluctuated around 30 %. Consequently, 30 % was 
chosen as the saturated water content for both soils. 

The volume of water added to the test tubes in this test used a 
gradient based on the previously measured saturation water content of 
the soil. The minimum threshold for water addition to a soil sample is 
determined by the saturation water content of the soil. There were 11 
levels in the gradient of water addition (Table 2); each level was a 
multiple of the saturation water content of the soil, which was converted 
to the appropriate volumes of pure water and added to the soil sample 
and left to stand for a uniform 2 h before centrifugation. 

The ECe was determined by centrifuging the samples once under the 
same conditions and with different water addition levels to determine 
the trend of values. The results were used to determine the appropriate 

Q. Wang et al.                                                                                                                                                                                                                                   



Soil & Tillage Research 225 (2023) 105549

3

range of water volumes to be added to the samples before the 
centrifugation. 

2.2.2. Soaking time test 
To produce a SP, soil samples should be soaked in pure water for a 

certain period before centrifugation. However, there is no clear range for 
the soaking time of soil samples in pure water, which is generally based 
on 24 h of infiltration. The general choice of time for equilibration of SP 
in soil testing laboratories worldwide is currently 18 h. The purpose of 
the soak test is to give a suitable soak time range so that the operator can 
judge the state of the SP and then flexibly adjust the test schedule during 
the determination of soil salinity using the SP method. A 30-g sample of 
both soils was weighed in each tube and a suitable amount of pure water 
was added according to the traditional SP preparation method, with the 
amount of water added being 1.5 times the saturated water content of 
that soil at a specific volume. There were 14 static immersion time levels 
(Table 3), with 2-h intervals for each level up to 24 h, and 1-day in-
tervals for each level beyond 24 h. 

The immersion treatments were carried out at the same ambient 
room temperature. After the pretreated tubes had reached the corre-
sponding set soak times, a standard SP was made from the appropriate 
amount of soil in the tubes. The samples were centrifuged once and then 
the ECe was measured to determine the appropriate soaking time before 
centrifugation to determine soil salinity. 

2.2.3. Centrifugal count test 
After the pretreatment step to produce SP (addition of pure water 

and static immersion), the SP in the test tube was centrifuged and the 
resulting supernatant at the top of the tube was extracted to determine 
soil salinity. In conventional SP preparation, the sample tube containing 
the SP is usually centrifuged only once, after which the operator extracts 
the supernatant for salinity and pH measurements or other indicators. 
Due to the dilution of ionic concentrations that occurs when different 
textured soils are prepared into saturated pastes, the measured salts in 
the supernatant after a single centrifugation are not representative of the 
original salinity of the whole soil sample, and the proportion of salts in 
the overall soil is determined following multiple centrifugation tests. 

In this experiment, 30 g of each of the two soils were again weighed 
in test tubes, 1.5 times the saturated water content of water was added, 
and samples were static soaked in the same environment for 2 h prior to 
centrifugation. After soaking, soil samples from all tubes were placed in 
a centrifuge for several continuous, uninterrupted centrifugation tests. 

At the end of each centrifugation, the supernatant of the tube was 
extracted for salinity and pH measurements, followed by the addition of 
the previously set amount of water, rapid modulation to a saturated 

paste and continued centrifugation, until the supernatant was extracted 
at the end of the last centrifugation of the sample met international (ECe 
< 4 ds/m) and national standards (ECe < 2 ds/m); the number of cen-
trifugations required to meet these standards was determined. When the 
extracted supernatant had ECe < 2 ds/m, all the salts in the soil sample 
were considered to have been extracted, at which point the centrifuga-
tion test was completed. 

In addition, at the end of the single centrifugation, the supernatant 
was poured into an aluminum box and placed in an oven for 2 h at 
150 ◦C. The mass of salt from the sample precipitated after a single 
centrifugation was determined by mass comparison before and after 
drying. After determining the number of centrifugations required for all 
salts to be extracted, the proportion of salts extracted by a single 
centrifugation relative to the total salt content of the sample was 
determined. 

2.2.4. Soil particle-size test 
The initial particle-size screening of the field-collected soil was 

required to facilitate the SP preparation. In the conventional SP prepa-
ration process, soil samples are often screened only once and their soil 
particle-size fixed (<1 mm). The operator pretreats the soil samples with 
water and immersion prior to centrifugation according to the default 
particle size. 

Soil samples screened at different particle sizes also show differen-
tiated characteristics in terms of their measured ECe and pH in the su-
pernatant after the SP has been prepared. The aim of this experiment 
was to investigate the association between these characteristics and 
particle size of the soils. 

Small quantities of saline soils from the Eco-City and the Industrial 
Area were served according to different particle-size classes, producing 
five particle sizes (Table 4). The sieved soil samples were loaded into the 
corresponding tubes at a set volume (30 g) and pretreated before 
centrifugation (1.5 times the soil water content in water and 2 h static 
immersion time) under the same control conditions and in the same 
environment. The samples were centrifuged once and the ECe and pH of 
the supernatant were measured to determine the specific aspects of the 
influence of soil particle size in the variation of salinity and pH of the SP. 

2.3. Observation and measurements 

The ring knife method was used to determine the saturation water 
content of the saline soils in the two study areas. This was done by fully 
saturating a ring knife with a soil sample for 24 h, laying a leachate layer 
underneath the ring knife and, when the gravity water was completely 
lost from the soil in its natural state within the ring knife, calculating the 

Table 1 
Soil mechanical composition, ECe [electrical conductivity of saturated paste (SP)], pHs (pH of SP), and SAR (sodium adsorption ratio of SP) in the two initial soils.  

Soil source Soil mechanical composition (%) Soil texture ECe 

(dS/m) 
pHs SAR 

(mmol/L)0.5 
< 0.002 mm 0.002–0.05 mm 0.05–2 mm 

International Eco-City  0.70  80.10  19.20 Silt  28.08  8.02  57.50 
Industrial Area  0.44  43.52  56.04 Sandy loam  27.47  7.94  52.66  

Table 2 
Water addition levels for saturated water content (θs = 30 %).  

Level W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 

Adding water 1.0θs 1.2θs 1.4θs 1.6θs 1.8θs 2.0θs 2.2θs 2.4θs 2.6θs 2.8θs 3.0θs  

Table 3 
Different levels of equilibration time for saturated pastes.  

Level T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 

Duration/h  2  4  6  8  10  12  14  16  18  20  22  24  48  72  
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mass of capillary and gravity water within the soil by weighing before 
and after. From this calculation, the field water holding and saturated 
water contents of the two saline soils were determined. 

The ECe for each sample was determined using the method of USDA 
(1954). A SP extract was prepared by adding distilled water to a test tube 
containing approximately 30 g of soil sample and stirring until 
completely saturated. All soil samples were air dried in their natural 
state before being loaded into test tubes, and samples not involved in the 
soil particle-size test were additionally sieved using a 1-mm sieve. Soil 
particle-size tests were classified according to international systems. The 
EC and pH were determined using a conductivity meter (DDS-1 1 A, 
REX, Shanghai) and a pH meter (PHS-3 C, REX), respectively. The speed 
of the centrifuge was set at a uniform 2810 r/min for soil samples and 
the centrifugation time was ten minutes. The criterion for centrifugation 
was to separate the earth-water suspension in the test tube until the 
upper clear layer could be completely extracted. 

In this test, for all samples from tubes that had been centrifuged at 
the end of the test, when the salinity and acidity of the extracted su-
pernatant had been determined, the liquid was transferred into a dry 
aluminum box and dried in an oven at 150 ◦C for 2 h until solid par-
ticulate matter was evident in the box. The mass of salt content of the 
corresponding sample was determined by comparing weight before and 

after drying. 

2.4. Statistical analyses 

Descriptive statistics (mean, standard deviation, and coefficient of 
variation) were used to describe ECe and pH. All data collected in the 
study were recorded and classified in Microsoft Office Excel 2019. 
Analysis of variance (ANOVA) was performed using SPSS 21.0 statistical 
software (SPSS Inc., IL, USA). The significance of the effects of all var-
iables was tested using one-way ANOVA. 

Origin Pro 2022 (Origin Lab Inc., MA, USA) was used to describe how 
four key factors (water addition, soaking time, number of centrifuga-
tions, and soil particle size) affected the determination of ECe and pH by 
the SP method, and to plot trends in ECe and pH in the corresponding 
experiments. 

3. Results 

3.1. ECe 

The use of ECe as an indication of the salinity status of the soil 
showed somewhat different results for the two soils in the four 

Table 4 
Different levels of particle sizes for making saturated paste soils.  

Level S 1 S 2 S 3 S 4 S 5 

Particle size /mm 0.02 − 0.10 0.10 − 0.25 0.25 − 0.50 0.50 − 1.00 1.00 − 2.00  

Fig. 1. ECe in saturated paste supernatant of silt (■) and sandy loam ( ) for treatments: (a) water addition; (b) soaking time, (c) number of centrifugations, and (d) 
soil particle size. 
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influencing factor tests. The centrifugation tests clearly showed that ECe 
tended to decrease with increasing centrifugation (Fig. 1c). The ECe of 
the supernatant of both soils after extraction reached international 
standards (ECe < 4 ms/cm) after six centrifugations, at which point the 
ECe of the saline soil in the Eco-City was 3.317 ms/cm and that for the 
Industrial Area was 3.407 ms/cm; after eight centrifugations, the na-
tional standard (ECe < 2 ms/cm) was reached, at which point the ECe of 
soil in the Eco-City was 1.582 ms/cm and that for the Industrial Area 
was 1.648 ms/cm. In addition, ECe values for the supernatant after each 
centrifugation alone were significantly greater in the soil of the Indus-
trial Area compared to that of the Eco-City. 

In contrast, in the pretreatment of SP production, the ECe of both 
soils showed a significant declining trend with increasing water addition 
(Fig. 1a). It is noteworthy that the ECe of both soils first increased gently 
with increasing immersion time, and then gradually decreased after 
reaching a specific immersion time (Fig. 1b). 

For the soil particle-size test, the ECe of the two soil supernatants 
showed different trends. Overall, the ECe of the soil supernatant in the 
Industrial Area tended to decrease and then increase as soil particle size 
increased, with the lowest ECe of 14.85 ms/cm for particle size of 
0.100–0.250 mm. There was no obvious trend for ECe for the saline soil 
in the Eco-City (Fig. 1d). 

3.2. pH 

The pH in the supernatant of a SP can indicate the degree of acidity/ 
alkalinity of the soil. In the water addition tests, the pH of the saline soils 
in the Eco-City rose gently as the amount of water added increased. In 
contrast, the soil from the Industrial Area reached a minimum pH of 

7.027 when the amount of water added was 2.2 times the previously set 
saturated water content of the soil, and showed an overall fluctuating 
trend (Fig. 2a). In the immersion test, the pH of soil from the Industrial 
Area progressively declined with increasing soaking time, and stabilized 
at 12 h. The pH of the soil from the Eco-City decreased and then 
increased within 2–12 h of immersion; beyond 12 h of immersion, the 
pH decreased sharply and then rebounded to 7.307 by 72 h (Fig. 2b). 

After centrifugation, the pH of the supernatant from both soils 
showed a significant increase, but with a faster increase in pH for Eco- 
City compared to Industrial Area soil (Fig. 2c). The pH of soil from the 
Eco-City increased with increasing soil particle size, while that for soil 
from the Industrial Area showed an increasing trend up to 0.250 mm 
and less variation in the two larger particle-size classes (Fig. 2d). 

3.3. Mass salt content 

Soil salinity was measured using both ECe and mass salinity, and the 
two methods often showed different soil salinity statuses in the analysis 
of the supernatant extracted by the SP method. 

Following addition of a certain amount of water, the quantity of 
extracted salt no longer increased, but decreased as the amount of water 
continued to increase. The specific amount of water added was a pro-
portion of the previously measured soil saturated water content (i.e. 2.2 
times), which was verified in both soils (Fig. 3a). This phenomenon was 
also seen in the immersion test. In the SP pretreatment, as soaking time 
increased, the amount of salt extracted from the soil supernatant initially 
increased and then ceased to increase after a certain period, with a 
possible decrease in the amount of salt extracted as soaking time 
continued (Fig. 3b). 

Fig. 2. The pH in saturated paste supernatant of silt (■) and sandy loam ( ) for treatments: (a) water addition; (b) soaking time, (c) number of centrifugations, and 
(d) soil particle size. 
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The salt content in the supernatant of both soils increased as soil 
particle-size increased, although the rate of increase of the salt mass 
differed between the two soils, possibly related to the soil type and its 
mechanical composition (Fig. 3d). Furthermore, as is generally 
accepted, with more centrifugations, progressively less salt was extrac-
ted (Fig. 3c). For one conventional centrifugation, 40 % of the total salt 
content was obtained, and approximately 80 % of the total salt was 
extracted by the first three centrifugations (Fig. 4). 

4. Discussion 

4.1. Analysis of phenomena in SP preparation 

The results showed that some phenomena in the process of SP pro-
duction deserve further discussion and analysis. In view of the dilution 
effect, the addition of more distilled water to the soaking of the soil 
sample will inevitably lower the subsequent ECe values, not only for the 
determination of salts using the SP method but also for the soil–water 
ratio method, as demonstrated in numerous studies (Aboukila and 
Norton, 2017; Kargas et al., 2020; Sonmez et al., 2008). For the different 
water addition levels, the ECe and salinity by mass were lower for silt 
than for sand, probably because silt releases fewer ions during dissolu-
tion in the same SP state and the forces between soil particles are 
stronger than in sand. It is noteworthy that the water content of SP was 
about twice that of the soil and it was often difficult to make a SP with 
distilled water added to the soil sample below this threshold (Chi and 
Wang, 2010; Corwin and Yemoto, 2020). 

The current SP in the soil test chamber needed to be equilibrated for 
18 h. The results of this test showed that this criterion did not apply to 
all soils with different levels of salinity, and that the extension of the 
equilibration time affected the entry of salts adsorbed on soil particles 
into solution, as well as the chemical reactions at the atmosphere- 
solution contact surface. If the EC of the soil solution increases as the 
resting equilibration time increases, the ions break away from the sur-
face of the soil particles and dissolve in the water; however, at high salt 
concentrations, ions with opposite charges in the solution can combine 
to form ion pairs with zero or other charges, and the formation of ion 
pairs may alter the salt measured in the SP, which explains why ECe 

Fig. 3. Mass salt content in the saturated paste supernatant of silt (■) and sandy loam ( ) for treatments: (a) water addition; (b) soaking time, (c) number of 
centrifugations, and (d) soil particle size. 

Fig. 4. Proportion of mass salt content to total salt content against number of 
centrifugations. 
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decreased after a certain equilibration time was exceeded (Amakor 
et al., 2014; Herrero and Pérez-Coveta, 2005). As equilibration time 
continues to increase, ions from the atmosphere enter the soil solution 
and react with the corresponding ions in the SP in a displacement re-
action, destroying the ion pairs and causing ECe to rise instead. 

In most soil laboratories, after SP has been produced, the supernatant 
is often extracted by filtering through filter paper or by direct centri-
fugation; however, often the full salt content of soil cannot be extracted 
by a single centrifugation and the salt value measured from the SP will 
be less than the actual salt content of the soil. We demonstrated that the 
first three centrifugations could extract 80 % of the actual salt content of 
the soil, while pH of the supernatant gradually increased with increased 
numbers of centrifugations, revealing that hydroxide ions adsorbed on 
the surface of the soil particles had a weaker association, and are more 
easily precipitated than H+. In addition, considering that the smaller the 
soil particles, resulting in a larger surface area per unit volume of soil 
particles carrying negatively charged groups, the more strongly the soil 
interacts with positively charged ions, which explains why in the satu-
rated slurry method the measured conductivity and the precipitated 
salts are higher from silt than from sandy loam. 

4.2. Suitable parameters for SP production 

The SPs simulate the natural state of the soil solution and are asso-
ciated with plant effects as this is the salinity actually experienced by 
plant roots, which naturally makes them the best indicator of soil 
salinity and the standard measure of salinity used in plant salinity 
tolerance studies (Khorsandi and Yazdi, 2011; van Zelm et al., 2020). 
However, SPs are more costly in terms of time and require a higher level 
of experience and skill, especially for clays and soils with a high organic 
content, and require skilled personnel to estimate the correct saturation 
point. The presence of free water on the SP surface, i.e. in a state of 
supersaturation, can lead to significant errors in the SP, although the 
effect on ECe is minimal, and previous studies also raised concerns about 
the subjectivity of making saturated SPs (Gharaibeh et al., 2021; Lon-
genecker and Lyerly, 1964; Zhang et al., 2005). 

Based on the four experiments described above, we determined the 
parameters for optimizing the SP method for determining soil salinity. 
The parameters were selected on the basis of the principle that we 
consider the treatment to be more appropriate when the mass salt 
content obtained is higher under the different treatments. This is 
because the higher total salt content indicates that the water potential 
and ionic stress developed in this state may have a greater impact on the 
plant. In order to minimize the influence of subjectivity on the deter-
mination of soil salinity using the SP method, and to facilitate the ability 
of testers to rationalize the test schedule and reduce the need for judging 
the saturation point, we make the following four recommendations for 
the process of making SP, based on the results of the above tests. 

Taking into account the subsequent values of ECe and mass salinity, 
we recommend that the amount of distilled water added to the soil 
sample is 2.2 times the saturated water content of the soil, to be used to 
produce a SP;. 

The recommended equilibration time for SPs is 12 h (P < 0.05) in 
terms of time savings and prevention of SP contamination;. 

The current method of centrifugation for SP extracts only 40 % of the 
total salt content of the soil, which differs from its true salt content. To 
determine the true salt content of the soil using this method, at least 80 
% of the salt content was obtained after three centrifugations. After eight 
centrifugations, the total salt content of the soil was stable;. 

The 0.25–0.50 and 1–2 mm of particle-size sieving should be used to 
prepare soil samples for silt and sandy loam soils, respectively. 

5. Conclusion 

As an effective means of monitoring soil salinity and assessing plant 
salt tolerance, the SP method is often compared with the soil-water ratio 

method, and its time- and effort-consuming nature and difficulty in 
determining whether the SP is in a saturated state often affect the results 
of subsequent tests. By setting up tests with different levels in the key 
steps of the SP preparation process, and by combining the results of the 
tests to further investigate the phenomena, our tests provided a deeper 
understanding of the process of determining salinity in SPs, reduced 
time and costs for soil laboratory personnel, circumvented the most 
important aspect of the SP method (i.e. determining the saturation 
point), significantly reduced the influence of human subjectivity, and 
established a standard process for production of SPs. A standardized 
production process assists testers to avoid errors in subjectively judging 
saturation, flexibly adjusts the measurement schedule, reduces labor 
and time costs, and can provide a theoretical basis and strong support for 
monitoring soil salinity. 

There are many types of saline soil all over the world, especially in 
China. Difference of influence from key factors in salt determination 
indeed was obtained in years of experimental research on different types 
of saline soil by authors. Coastal saline land is one of the important types 
of saline land in China, and coastal saline silt and sandy loam soils are 
the main type of coastal saline soil, thus these two soils are typical and 
representative for research. For other types of saline soil, the same 
experiment involving the process of making saturated paste and the key 
factors in salt determination is suggested to been carried out. 
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